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TT] PREFACE 


This is one of a series of manuals prepared by the 
technical staff of the National Mine Health and Safety 
Academy to acquaint the reader with a specific area 
of mining. 

This manual deals with industrial hygiene, the sci- 
ence and art of recognition, evaluation, and control 
of health hazards at work. The reader will find exam- 
ples of short-term toxic agents and the actions 
needed to protect individuals from harmful expo- 
sures. A glossary of technical terms is included at the 
end of this manual. 

Other manuals available in this series are listed on 
the inside back cover. Multiple copies may be ordered 
for $2.00 each. Single copies of safety manuals may 
be obtained free of charge from: 


National Mine Health and Safety Academy 
Instructional Materials Department 

1301 Airport Road 

Beaver, WV 25813-9426 

Phone: 304-256-3257 


You may FAX an order at 304-256-3368. 
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Alice Hamilton, M.D. 
(1869 - 1970) 


The champion of the cause of social responsibility for 
workers’ health and welfare in the United States during the 
first decades of the 20th century. She showed the link 
between work-related diseases and toxic agents handled by 
workers, and proposed the means to control the problem. 


INDUSTRIAL HYGIENE--WHAT IS IT? 


Industrial hygiene is the science and art of recog- 
nition, evaluation, and control of health hazards at 
the workplace. It is also a means to educate manage- 
ment and labor in safe and healthful conduct of 
industrial processes. 


Safety specialists are concerned with injuries 
caused by mechanical means. Industrial hygienists 
watch for injuries caused by chemical agents. Health 
physicists try to avert the harmful effects of radia- 
tion, noise, and extreme temperatures at work. 


Toxic Materials 


An agent is toxic if it has one or more of the 
following properties: 


e is likely to cause cancer in humans or test 
animals; 

e can cause a permanent change in humans or 
animals that will also show up in their offspring; 

e can cause physical defects in human or animal 
embryos; 

e can enter the body of a test or domestic animal 
through the respiratory system, skin, eyes, 
mouth, or other routes, and kill the animal; 

e can irritate or sensitize the skin, eyes, or 
respiratory system; 

e can lower mental alertness, reduce motivation, 
or cause unusual behavior in human beings; or 

e can enter by way of the respiratory system, 
skin, eyes, or mouth--no matter how small the 
amount, concentration, or the dose, and over 


what period of time--and can cause bodily 
injury, or endanger the lives of healthy or 
disabled persons. 


A complete list of toxic agents used in industry, 
compiled by the National Institute for Occupational 
Safety and Health (NIOSH), has close to 100,000 
items. Some agents have different trade names. 
Identical toxic chemicals listed under their generic 
name will total about 26,000 items. Of these, less 
than 500 are controlled by government regulations. 


Physical States of Toxic Agents 


The effects of toxic agents upon living organisms 
vary in accordance with the physical states of such 
agents. The physical agents in the work environment 
are subject to change. It is important to know what 
they are. 


Gases are formless "fluids" that fill a space or 
container. Under certain pressures and temperatures, 
a gas can turn into liquid or solid form. The reverse 
is also true--liquids and solids will turn into gases 
under certain temperatures and pressures. Oxygen, 
nitrogen, carbon monoxide, hydrogen sulfide, and 
chlorine are in gaseous states at normal temperatures 
and pressures. 


Vapor is the gaseous form of a substance which 
is normally in the liquid or solid form at room tem- 
peratures and pressures. Metallic mercury is an 
example. A vapor can be condensed to liquid or solid 
under high pressure, low temperature, or both. 


Dusts are fine, solid particles produced by mechani- 
cal handling, crushing, or grinding of solid materials. 
Fine airborne dust that reaches the smallest and 
deepest air sacs in the lungs is called respirable dust. 


Silica, asbestos and lead are examples of toxic 
respirable dusts. 


Fumes. Heat can liquify solid metals. At high 
temperatures, solid metals can turn into gases without 
going through the liquid state. A hot metallic gas, if 
cooled suddenly, will condense into fine, solid particles. 
Metallic dusts are known as fumes. Metallic fumes 
are actually in the form of metal oxides, that is, 
chemical compounds of metals and oxygen. In industrial 
hygiene, the term "fume" is used only in this context. 
To be accurate, one should say, "lead oxide fume," 
"iron oxide fume," or "copper fume." Likewise, it is 
proper to say "carbon monoxide vapor" and "gasoline 
vapor," but not "carbon monoxide fume" and "gaso- 
line fume." 


Mists. Liquid droplets, which are the products of 
condensing gases or droplets produced by scattering 
of liquids through splashing, foaming, or atomizing, 
are called mists. Examples include oil and acid mists. 


Aerosols. Solid or liquid particles of microscopic 
size scattered in a gas, such as air, are called 
aerosols. The name also applies to dusts, fumes, or 
mists. 





Paraceisus (Theophrostus Bombast von Hohenheim - 
1493-1541), a Swiss alchemist and physician, wrote a book 
on miners’ diseases. He declared that lung diseases of 
miners are caused by unhealthy air in the mines. (By 
permission, from EXPERIMENTAL PNEUMOCONIOSIS by S. 
H. Zaidi. Copyright, 1969, by The Johns Hopkins Press, 
Baltimore, Maryland 21218. All rights reserved.) 


Routes of Entry 


The site of first contact between an agent and the 
body is called "route of entry." The three major 
routes of entry are: 


e the respiratory system (breathing); 
e the skin; and 
e the digestive system (eating). 


Breathing. Any material inhaled with the air can 
reach the blood through tiny air sacs, called alveoli, 
which are surrounded by tiny blood vessels of the 
lungs. Oxygen, contained in the air we breathe, 
enters the blood, and carbon dioxide, contained in 
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the blood, enters the lungs through the membranes 
surrounding the alveoli. There are about 300 million 
alveoli in the lungs. 


A healthy human respiratory system has a limited 
Capacity to dispose of the dust contained in the air 
before the dust reaches the innermost parts of the 
lungs. The nose filters out the large dust particles. 
Finer dust can pass through the nose, but may be 
trapped on a layer of mucus which covers the passages 
of the lungs--bronchi and bronchioles. Mucus--a 
slime produced by the glands in the air passages--is 
moved by millions of cilia, the tiny whip like protru- 
sions in the air passages. Eventually, the dust-laden 
mucus reaches the epiglottis and ends up in the 
stomach. Certain toxic agents such as cigarette 
smoke paralyze the cilia and stop their rhythmical 
movement. As a result, the lung loses its ability to 
dispose of the dust. 


Fine dust particles, which get past the moving 
layer of mucus, can reach the alveoli. Here we find 
macrophages--large wandering cells--that swallow 
up the intruding dust particles and adhere themselves 
to the moving mucus. Macrophages can also get into 
the lymphatic system, or blood vessels, and in doing 
so carry the dust out of the lungs. 


Suffocating Agents. Living tissues need oxygen. 
Agents that deprive tissues of the needed oxygen are 
called asphyxiants, which are of two kinds. A simple 
asphyxiant is any gas which dilutes the oxygen below 
the level needed to support human life. Simple as- 
phyxiants, such as methane, do not form chemical 
compounds with the blood. By contrast, a chemical 
asphyxiant, such as carbon monoxide, combines 
with oxygen of the blood and deprives body tissues 
of their oxygen supply. 


Lung Scarring Dusts. Quartz dust, coal dust, and 
asbestos fibers of respirable size are known as lung 
scarring agents because they cause the chronic 
disease called pneumoconiosis. 


Entry Through the Skin. The skin is a route of entry 
for some toxic agents to reach organs and systems 
of the body. Skin is a selective filter, not a perfect 
barrier. Entry through the skin is easier if the skin is 
damaged. Work-related skin diseases greatly exceed 
other job-related injuries among metal and nonmetal 
mine workers. 


Chemical agents which penetrate the skin vary in 
their effects. Irritants affect the site of contact. They 
cause blisters, which are accumulations of fluid in 
the skin cells, and redness of the skin, which is 
caused by inrush of blood to the site of contact. 
Irritants will inflame the mucous membrane of the 
lungs. 


Some chemicals (such as PCBs, cyanide com- 
pounds, and some pesticides) can enter through the 
skin, without any visible effects, and into the blood 
stream causing serious damage to the body. Also, 
solvents used to clean grease from tools have been 
documented to harm internal organs. 


The skin repeatedly affected by a chemical agent 
becomes sensitized. The first contact between an 
agent and the skin or mucous membrane does not 
cause irritation. The second contact may cause in- 
flammation. ("Nickel itch" is an example of skin 
sensitivity to a metal.) People reacting to sensitizers 
are said to be allergic to such agents. 





Breathing, absorption through the skin, and eating are the 
major routes of entry into the body for toxic agents to which 
a person may be exposed. 


Inflammation of the skin, or dermatitis, is caused 
by chemical, mechanical, physical, or biological 
agents. Preventive measures include the control of 
work routine, personal hygiene, protective clothing, 
and the use of barrier creams. 


Eating. Toxic agents can enter the body when 
workers eat or smoke with unwashed hands, or in 
unclean work areas. Airborne dust can be ingested 
--this happens when inhaled airborne particles stick 
to the lining of the bronchi and bronchioles, are 
carried to the epiglottis by the clearing mechanism 
of the lungs, and swallowed. Enriched uranium dust 
can enter the body through this route and can 
damage the kidneys. 


Effects of Toxic Agents on the Body 


Metabolism is a biochemical process which provides 
energy to keep the body alive and going. It also 
produces a certain amount of waste, and can offset, 
through detoxification and excretion, the toxic effects 
of harmful agents that enter the body. However, 
there is a limit to what metabolism can do to convert, 
neutralize, and eliminate the harmful agents entering 
the body. Only a vigorous control of toxic agents at 
work can keep the workers healthy. 


Toxic agents which harm certain organs or sys- 
tems of the body are called systemic poisons. Some 
irritate the contact site and then move to the "target" 
organ. For example, the central nervous system is 
the target for mercury and manganese; these two 
metals can change a person’s behavior. Respirable 
coal, quartz, and asbestos dusts target the lungs and 
cause pneumoconiosis. 


Generally, no material entering the body is abso- 
lutely safe--it all depends on the dose. When the dose 
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is large enough, or the contact between the agent 
and body is long or repeated, some harm will follow. 
By contrast, a toxic agent may be harmless if a small 
amount of it enters the body--the human body can 
cope with minor exposure. 


Physical Agents 


Working men and women come in contact with 
forces and energies such as: 


e gravity -- this primary force of hydroelectric 
power plants is also the cause of roof falls in 
mining where many workers lose their lives 
because of gravity; 

e electricity and magnetism -- they provide 
electromagnetic energy in forms of visible and 
invisible radiation, such as radio, television, 
radar, microwave, infrared, and ultraviolet 
waves. 


Nuclear Radiation 


Nuclear energy, in the form of high speed hydrogen 
or helium nuclei, electrons, and x-rays or gamma 
radiation, is given off by natural and man-made 
sources of radioactivity. If used unwisely, all forms 
of this energy can be harmful to living organisms. It 
is used beneficially in heart pacemakers, household 
smoke detectors, nuclear gauges which monitor the 
density, moisture, and weight of materials in mines 
and plants, as well as levels of material in ore and 
coal bins. The energy of nuclear fission runs electric 
power plants. 


Radiation sources are man-made or natural. Nuclear 
gauges are man-made instruments. They release 
gamma radiation, an invisible harmful "light" that can 
be useful in controlling the industrial processes. A 
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properly installed and maintained nuclear gauge 
should pose no danger to the workers. The natural 
source of radiation in mines may be radium (a product 
of decayed uranium) or thorium, and sometimes 
both. Over a period of time, these two metals turn 
into radioactive gases, radon and thoron. Like ra- 
dium and thorium, these gases decay. The products 
of their decay attach themselves to the airborne mine 
dust, and make it radioactive. Radioactive dust de- 
posited in air passages of the lungs may cause 
cancer. Airborne radioactivity is especially dangerous 
to cigarette smokers who already have increased 
their susceptibility to lung cancer. 
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Nuclear radiation, a physical agent, can cause the 
breakdown of atoms and molecules that compose matter. 
A source of radiation may be solid, liquid, or gas. It releases 
energetic rays and atomic fragments. Radiation can only be 
detected by the use of special instruments. 
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Ultraviolet Radiation 


Ultraviolet radiation is emitted by the sun, sun- 
lamps, certain fluorescent tubes, and lamps designed 
to kill germs, or produce the "black" fluorescent light. 
In the mining industry, arc welding produces ultraviolet 
radiation. Excessive exposure to ultraviolet radiation 
harms the skin and eyes. Redness of the skin is the 
first reaction to ultraviolet radiation; skin cancer may 
result from a long-term exposure. This radiation can 
inflame the cornea of the eye--a condition known as 
snow blindness, flash burn, or welder’s flash. It gives 
a painful "sand in the eyes" feeling that lasts about 
two days. Snow blindness occurs several hours after 
the exposure. Protective clothing and goggles should 
be worn by those who work around the sources of 
ultraviolet radiation. 


Heat 


Heat, the most common form of energy, can be 
produced by any of the forces previously named. 
Biochemical reactions in the body can take place only 
when heat is present. Conversely, heat is the product 
of chemical reactions in the body. 


Temperature is an indicator of heat at the work- 
site. Within a range of temperatures, a person can 
work and lead a normal, healthy life. Too much heat 
causes the body temperature to go up, the normal 
body functions become upset, and the body suffers 
from heat stress. 


Some areas of the earth’s surface give off a 
higher-than-usual amount of heat. These are zones 
of high terrestrial heat, and in the Western United 
States they extend along lines several hundred miles 
long. Underground mines in such zones are hot. Hot 
host rock and ground water in these mines raise the 
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temperature and humidity of the workplace. Under 
these conditions, even moderate work can raise the 
body temperature and cause heat stress. Heat stress 
is not uncommon at surface mines in the Southwest. 
To reduce heat stress, one should acclimate the 
miners, lower the mine heat through engineering 
measures, and educate the management and work- 
ers on the hazards of heat stress. 


Noise 


A healthy ear can sense the pressure variations in 
air which we call sound. The unwanted sound is 
called noise. Exposure to loud noises over a period 
of years causes hearing loss. Noise can also upset 
the sense of balance, raise blood pressure, and 
reduce the volume of blood flow in the body. Noise 
causes tiredness, nervous tension, and sensitive- 
ness, and reduces the worker's ability to perform 
certain tasks. 


A report on hearing loss in the mining industry has 
shown that miners: 


e have worse hearing than an average industrial 
worker in the Nation; 

e have worse hearing by comparison with 
workers not subjected to high levels of noise at 
work; and 

e suffer from hearing impairment in numbers 
greater than other industry workers; their 
hearing loss is clearly related to the noise at 
work. 


The report shows that although not all miners 
suffer from impaired hearing, the hearing loss among 
miners poses a serious problem. It calls for noise 
control measures on or replacement of noisy machinery, 
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periodic testing of the miners’ hearing, and use of 
personal protective devices against noise. Miners are 
encouraged to take part in hearing protection pro- 
grams and other noise control measures. 





Noise is the by-product of most mining activities and can 
cause permanent loss of hearing. 
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In metal/nonmetal mining the sources of noise fall 
into three major groups: 


® pneumatic equipment; 
e diesel-powered equipment; and 
e milling operations. 


The noise of pneumatic equipment can be reduced 
in two ways: 


e putting mufflers on equipment, and 
e using personal protective devices against noise. 


The following measures can reduce the harmful 
effects of noise generated by diesel-powered equip- 
ment: 


e noise-insulated cabs for the operators, and 
e effective exhaust mufflers for the engine. 


In milling, air blasts, furnace burners, ore chutes, 
pumps, and air compressors raise the noise level. 
Here, specially designed operator booths and other 
noise control methods are needed to protect the 
workers. 


Not all problems of noise control can be resolved 
at this time. The search for ways to reduce high noise 
at work is continuing. 


Other Environmental Factors 
Biological Agents 


Biological agents enter the body through contact, 
inhaling, or ingesting, and affect the health and 
well-being of miners. The environmental stresses at 
work worsen the effects of biological agents on 
individuals. A constant watch on biohazards and an 
active hygiene program in mines can reduce-and 
eliminate such hazards. 
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Wet drilling and water spraying to suppress dust 
in mining require large volumes of water. There is 
some inflow of ground water in most underground 
mines. Water from above ground, sometimes un- 
wholesome, can also find its way into the mine. 
Large water sumps that build up from various sources 
may be polluted with human and animal excreta. 
Usually,water from these sumps is pumped back into 
the system and recirculated. If the mine water in- 
fected with viruses and bacteria is used for dust 
suppression, it may be inhaled and ingested by mine 
workers. 


Mine water polluted with feces from a hookworm 
victim may spread the disease among miners. The 
pollution can be stopped by proper sanitation. Con- 
taminated water should be sterilized by agents such 
as sodium hypochlorite, and not mixed with the 
water used for mine work. 


Athlete’s foot, a fungus infection of the feet, is a 
problem in the workers’ communal showers. To 
control it, use proper disinfectants in the bathhouse 
and treat those individuals who are infected. 


Mines must have an ample supply of wholesome 
drinking water within reach of all workers, especially 
where heat stress is a problem. There should be 
washing facilities near eating rooms. 


Water used for washing and bathing at the mine 
should be periodically tested for bacteria. 


Ergonomic Stresses 


Miners use tools, run machines and do tasks 
needed to produce ore, coal and other minerals. 
They are subject to chemical, physical, biological and 
psychological stresses. Physical and mental well-being 
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of people at work is the subject of a science called 
ergonomics. Its aim is to improve the efficiency of 
man-machine systems in ways such as: 


e proper selection and training of individuals; 

e a better design and use of machinery; 

e finding better ways for performing physical 
tasks; and 

e preventing workers’ fatigue. 


Daily exposure to stress at work can cause harmful 
physiological and psychological changes in people. 
For example, work in a low-coal mine calls for an 
unnatural posture day after day. This may lead to a 
permanent change of a miner’s posture. A poorly 
designed operator’s seat in a shuttle car is an example 
of mismatch between the size of the seat and the 
height of most operators. The operator’s back is 
subject to muscle tension and fatigue. An adjustable 
seat could reduce or eliminate this stress. Weariness 
of the body and sensory system leads to mental 
fatigue and stress. 


This mental and physical condition can impair the 
worker’s ability to perform work tasks safely. 


Most job-related accidents can be traced to human 
error. Inadequate lighting, noise, vibration, harmful 
dusts, fumes and gases at the workplace increase 
the possibility for human error. With few exceptions, 
the human muscle has been replaced as the prime 
mover of industrial processes. At early stages of 
mechanization, human senses were relied upon to 
gather and convey information to the brain which in 
turn would command muscles to control the mechanical 
power. Further progress in mechanization was 
slowed down because human senses were reaching 
their natural limit for controlling complex and fast 
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machines and speedy processes. Today, machines 
are used to guide and control other machines, as well 
as data acquisition, processing, and problem solving. 
In human terms, these are information processes. In 
time, mechanical and electronic information processes 
will control most industrial operations. Today, im- 
provements in automation increase the stress on 
those directly involved in the process control; a 
thoughtful design of control systems should consider 
human factors. In modern designs, dials and controls 
serve as extensions of the worker’s body. 


Dose-Effect Relationship 


The extent of injury caused by toxic agents entering 
the body through the mouth, lungs, or skin is hard to 
assess unless the identity and amount of the agent 
are known. Small amounts of chemical matter will 
usually not impair the body’s functions, and no acute 
effects will be evident. Conversely, small doses of 
seemingly harmless agents, entering the body at a 
steady rate over a long period of time, may cause 
permanent impairment because of their chronic (long- 
term) effects. 
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Maximum Blood Saturation % 


© Possible 


Death 








Dizziness 
Possible 
Collapse 






20 


NO EFFECT 


Carbon monoxide, when inhaled, combines with and 
saturates the blood in the lungs. High doses of carbon 
monoxide can cause death. 
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Individual responses to contacts with hazardous 
agents are not uniform. They vary with the route of 
entry, physical state of the agent, health of the 
person at the time of exposure, and, most impor- 
tantly, the amount of agent entering the body. There 
is a range within which a healthy person shows no 
adverse effects to an agent entering the body; body 
functions remain normal during and after the contact. 
The opposite may be true when the rate of entry 
exceeds safe limits--the individual suffers temporary 
or permanent damage. 


Toxic agents cause a stress, and the body’s reac- 
tion to it is strain. The magnitude of strain depends 
on the amount of burden. A healthy person exposed 
to high levels of stress at work suffers impairment. 
At first, the organ affected by the stress begins to 
malfunction. Later, disease and even death may 
follow. 


For example, carbon monoxide is a colorless, 
tasteless, odorless gas produced by fires and heated 
combustible material, or explosions of methane gas 
or coal dust in mines. This gas is also produced at 
slow rates by some coals even at normal mine 
temperatures. In the body, carbon monoxide com- 
bines readily with the blood. Cigarette smokers and 
most city dwellers have some carbon monoxide in 
their blood. A cigarette smoker’s blood may contain 
5 to 20 percent of the total possible carbon monoxide 
content. 
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Briefly, here are the common effects of carbon 
monoxide on human beings: 


Blood Saturation Effects 
Below 20 percent No symptoms 
20 to 30 percent Throbbing headache 
30 to 50 percent Dizziness, nausea, muscular 


weakness, danger of collapse 


50 percent and above Unconsciousness and death 


We have just described an important concept, the 
dose-response relationship. The percentage of blood 
saturation showed the dose, and the body reaction 
to it--the response. 
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“Congress declares that--... the first priority and concern of 
all in the coal or other mining industry must be the health 
and safety of its most precious resource--the miner.” 


Federal Mine Safety and Health Act of 1977 
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RECOGNITION--WHAT IS HARMFUL? 


The Mandate 


The preamble to the Federal Mine Safety and 
Health Act of 1977 voices this country’s concern for 
unsafe and unhealthful situations in mines that cause 
grief and pain to the miners and their families; it 
speaks of an urgent need for putting an end to the 
job-related diseases that begin in the mines, and calls 
for decisive action against death and injuries to 
miners. "...the operators of such mines with the 
assistance of the miners have the primary responsi- 
bility to prevent the existence of such conditions and 
practices in such mines..." 


The law requires periodic inspections of mines and 
investigation of accidents related to mining. One 
purpose of such inspections is to learn about the 
conditions that lead to job-related diseases in mines; 
another, is to find out if toxic materials or harmful 
physical agents are effectively controlled. Health 
standards are expected to "assure on the basis of the 
best available evidence that no miner shall suffer 
material impairment of health or functional capac- 


ity... / 
jan Act Lal’ | 


Mine Health 
and Safety 





Federal laws show this country’s concern for_safety and 
health of miners at work. 
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The United States Congress has charged the 
National Institute for Occupational Safety and Health 
(NIOSH) to study the toxicity of such agents in mines. 
A mine operator or authorized representative of the 
miners can write to NIOSH and request a study. 


By law, NIOSH has the right to enter a mine for 
health and safety related studies; such research and 
hazard assessment should not impose undue burden 
upon mine operators. The results of a NIOSH study 
must be given to both the mine operator and the 
miners. Representatives of miners who request a 
study are protected by law from retaliation. 


The law also deals with the protection of life and 
prevention of diseases in persons who, although not 
miners, work with or around the products of mines. 


The National Institute for Occupational Safety and 
Health works to: 


e identify the chemical and physical agents found 
in mines; 

e establish safe exposure levels for the agents; 

e determine the groups of persons exposed to 
them; 

e find out if exposures to more than one agent at 
the same time are common, and what are the 
patterns for such events; and 

e assess the toxic effects of known exposures 
upon mine workers. 


Setting Job-Related Health Standards 


A chemical is toxic only if past industrial experi- 
ence, animal tests, and experiments on volunteers 
have proven its toxicity. Standards of safety are 
based on the idea that repeated job-related exposures 
to the agent over a lifetime must not lead to an injury. 
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Thirty years is the average lifetime work period. In 
the United States, health standards are aimed at 
8-hour workdays within a 40-hour workweek. It is 
assumed that each workday is followed by a 16-hour 
period of nonexposure, allowing the body to detoxify 
and excrete the agent. 


Industrial health standards presuppose a basically 
healthy work force. Workers with ill health may not 
cope with toxic agents--some of the daily chemical 
burden will not be transformed or excreted. This will 
result in the accumulation of the agent in the body. 
Moreover, health standards for the worksite presup- 
pose normal climatic conditions. As a result, unusually 
high or low temperatures, high pressure, or high 
humidity, may impose an extra burden and weaken 
the body’s defenses against toxic agents. 


Some employees (5 to 10 percent of the work 
force) may be allergic to the agents inhaled at the 
workplace. No employee should handle chemicals to 
which he or she is allergic. Only a physical examina- 
tion by a physician at the time of employment, or a 
medical surveillance program at work can reveal an 
allergy unless workers bring it to the attention of the 
medical staff. 


ACGIH Threshold Limit Value (TLV) 


A committee of the American Conference of Govern- 
mental Industrial Hygienists (ACGIH)--a private group 
of occupational safety and health people--sets limit 
values which serve as a basis for standards for 
airborne particles and physical agents found at the 
worksite. The term "TLV" is a copyrighted trademark 
of the ACGIH. 
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The latest information on harmful effects of chemical and 
physical agents on the human body is the basis for 
standards of health at the workplace. 
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Numerical Values in Standards 


Job-related health standards are based on a variety 
of evidence and data, and although sometimes the 
body response to an agent cannot be measured 
precisely, the biological and environmental data on 
which the standards are based must be valid. When 
an absolute quantifiable basis is not available, a group 
of experts is needed to consider all other evidence 
before it can come up with numerical values. Such 
values must not be taken as absolute boundaries 
between healthful versus unhealthful conditions. For 
instance, if 100 is an "allowable" value, it does not 
mean that 99 is definitely healthful at all times, or 
that 101 is unhealthful. 


For reasons just given, environmental controls at 
the worksite must be aimed at values safer than 
those sought by the standards. However, in terms of 
law enforcement all numerical values included in legal 
codes do mark the boundary between "healthful" and 
"unhealthful" conditions. 
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EVALUATION--HOW MUCH IS TOO MUCH? 


The aim of industrial hygiene is to promote a 
healthy work environment for all workers. The fol- 
lowing formula sums it up: 


Person + Agent + Effect 


Hazard evaluation begins with a survey of the 
known harmful materials and energies at the work- 
place. It is followed by a study and research of the 
work processes where these agents and energies are 
used. Once the hazard is established, steps are taken 
to protect the people likely to be affected by harmful 
agents. One should ask the following questions: Are 
all sources of energy safely secured? Is the quality 
of air in workers’ breathing zones acceptable? Is 
ventilation in the general area of activity satisfactory? 
Are noise control measures effective? 


Air samples are taken and analyzed, and pressures 
and energies measured. It is safe to assume that no 
measurement is absolutely correct. It is necessary to 
determine the range of errors in sampling, measuring 
and testing. The data are corrected for the errors 
known to exist in these procedures. 


Certain sampling strategies are prescribed by 
laws, standards and policies. One full-shift sample or 
enough short-term grab samples are needed to com- 
pute the time-weighted average (TWA) value for the 
harmful agent. More than one TWA sample may be 
needed to make sure healthful conditions do exist at 
the worksite. 
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Testing for Agents 


Sampling and testing at the workplace provide an 
estimate of the exposure to chemical and physical 
agents and are accomplished by means of: 


e direct-reading instruments; 

e instruments that remove the agent from a 
volume of air; and 

e instruments that collect a volume of air for 
laboratory tests. 


Direct-reading instruments such as methanometers, 
noise level meters, and radiation counters use the 
natural properties of agents to determine their quantity. 
Indirect readings are obtained by using chemicals 
which react with gases and vapors surveyed. 





An ideal portable instrument used for sampling and testing 
of harmful agents in mines and mills should be rugged, 
compact, precise, accurate, and inexpensive. 
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Airborne dust of coal, mineral, and radioactive 
materials and metal fumes are sampled by filtering 
the air at the worksite. Solids collected on a filter are 
then weighed and analyzed in the laboratory. 


Evacuated flasks, plastic bags, and other suitable 
receptacles are used to collect air samples at the 
worksite for analysis. 


Portable instruments are used for air sampling in 
the breathing zone of the worker. Continuous moni- 
toring devices are needed if the amounts of gases 
vary significantly. Radon gas, carbon monoxide, and 
methane (which threatens both safety and health of 
workers in mines) can increase suddenly. 


The desirable features of a sampling instrument 
are: 
e it must be portable and easy to use; 
e it must work reliably under varying conditions; 
e it must provide a specific type of information; 
and 
e field tests must prove its usefulness. 


Instruments are rated mainly on the following 

qualities: 

e accuracy--are the test results close to the true 
value? 

e reproducibility--when measuring the same 
sample over again, will the instrument produce 
the same values? 

e sensitivity--is the instrument sensitive to slight 
changes in the sample? . 

e rapidity--does it work quickly? 
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Instruments must be calibrated before sampling 
or testing. A periodic recalibration is required for all 
instruments. Test results are judged against the 
standards for a healthful workplace. Records and 
reports are an important part of hazard evaluation. 
A steady rise in the amount of a harmful agent at the 
workplace is a sign of danger; its cause should be 
investigated. 


Medical Surveillance 


When working with harmful agents, a constant 
vigilance is needed. Medical surveillance is designed 
to prevent workers’ overexposure to hazardous sub- 
stances. Breath, body tissues and fluids such as 
urine, blood, saliva, hair, and nail parings, are peri- 
odically sampled and tested for toxic agents, the 
product of toxic agent metabolism, and the effects 
on enzymes in the body. 


Biological testing is useful when the agent can 
produce a measurable biochemical reaction. Biologi- 
cal testing is not used for substances encountered in 
mining. Testing of pulmonary function, audiometry, 
and chest x-rays are used for early detection of 
conditions which, if unchecked, can impair human 
health. 


Medical surveillance can show if control measures 
are effective. For example, Great Britain’s National 
Coal Board radiological examinations of every miner 
in the commonwealth (conducted every four years 
since 1958) have shown that the incidence of pneu- 
moconiosis is steadily decreasing. 
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CONTROL--COPING WITH FORCES 
AND AGENTS 


The survival and progress of our society depends 
on our ability to create a viable environment. Workers’ 
well-being at the worksite depends on what is known 
about the work-related hazards, and the measures 
taken to avoid them. 


It may not be practical to eliminate all traces of 
toxic agents from the industrial scene. The reason is 
simple: the aim of many industrial operations is to 
convert a basically "harmful" material into a useful 
product. 


After identifying the nature of a harmful agent and 
evaluating its effect upon human health, measures 
are taken to control workers’ exposure to the agent. 
If exposure is unavoidable, the amount of exposure 
is lowered to a safe level. The effectiveness of 
control measures must be monitored. 


Instruments used in industrial hygiene are steadily 
improving. An ideal instrument is low-cost, rugged, 
stable, selective, sensitive, precise and accurate. 
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Routine sampling and testing is needed to prevent the 
workers’ exposure to harmful agents. 
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As mentioned earlier, health hazard control at the 
worksite is based on these premises: 


e the work-rest cycle allows a normal function of 
the human body; 

e the workers are a healthy group of people; 

e air temperature, humidity, and pressure at the 
workplace are normal and do not add to the job 
related stress; and 

e persons allergic to some materials found at 
work are barred from exposure to such 
materials. 


One can argue about the soundness of the above 
premises. For example, some allergies are difficult to 
diagnose, and persons sensitive to certain sub- 
stances may insist on working with such agents 
because the job pays well and they have the required 
qualifications, including seniority. 


Hygienic standards do not draw fine lines between 
healthful and unhealthful conditions--they serve as a 
means of control, not an end. 


Basic Control Measures 


Control measures used by industrial hygienists 
include the following: 


e substitution; 
e isolation; and 
e ventilation. 
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Substitution 


Replacing a hazardous agent, machinery, or proc- 
ess with another less hazardous agent, machinery, 
or process may solve a particular problem. However, 
there may be major obstacles such as: 


e the cost of replacement; and 


e the resistance of those who are used to doing 
things the old way. 


Changes in industrial processes are costly and 
time-consuming. Alternatives must be considered 
and weighed. For example, man-made mineral fibers, 
such as those made from glass, natural rock, or any 
readily fusible slags, may replace asbestos in some 
cases. 


Isolation 


We can isolate the worker from the process that 
involves harmful agents. Or we can isolate the harm- 
ful agent that is being handled by workers. This can 
be achieved by introducing time, distance, or physi- 
cal barriers. Work schedules can be designed to 
rotate the persons working with harmful substances 
to prevent the prolonged exposure of each individual 
to the hazard. Sometimes, only a drastic change in 
the work practice can bring the exposure to a safe 
level. A source of harmful noise may be isolated by 
physical means. Personal protective devices are the 
last resort. A healthy work environment is the goal. 
Usually, an isolated person is not a happy person. 


Ventilation 


Briefly, ventilation is a directed movement of air, 
designed to control harmful, airborne agents. As a 
result, contaminated air is diluted or replaced by fresh 
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air. Exhaust ventilation is used to prevent contami- 
nated air from spreading in the work area, and to 
replace the contaminated air with fresh air. The 
quality of fresh air must meet the standards for health 
and safety. Conditioning (cooling or heating) of 
makeup air is sometimes necessary. 


Underground mining is done in confined spaces. 
The lack of fresh air, and not the size of a mine 
opening, is a major health concern. Fresh air contains 
about 21 percent oxygen. Health regulations require 
that mine air contain no less than 19.5 percent 
oxygen. Gases dilute the oxygen in the mine air and 
suffocate the workers. The amount of oxygen in mine 
air must be checked frequently. Efficient ventilation 
can prevent the accumulation of oxygen-deficient air 
within work areas. 


Generally, large volumes of gases such as meth- 
ane must be present to cause the dilution of oxygen 
of mine air. By contrast, small amounts of toxic gases 
such as carbon monoxide can make mine air unfit for 
breathing. Some toxic gases, when inhaled, injure the 
respiratory system at once; others do so after some 
delay. For example, carbon dioxide will speed up the 
rate of breathing and cause failure of the lungs. 
Nitrogen dioxide can cause an accumulation of fluid 
in the lungs, and although a person may survive the 
exposure to nitrogen oxide gases, he or she may die 
later from the fluid in the lungs. 


36 





A well-designed ventilation system controls the spread of 
harmful air in work areas. It supplies fresh air to persons 
working in confined spaces. 
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Gases such as carbon dioxide, hydrogen sulfide, 
sulfur dioxide, and oxides of nitrogen may accumu- 
late in dangerous amounts in underground mines. 
Monitoring the quality of air and ventilating active 
workplaces will ensure the health and safety of 
workers. 


In enclosed spaces, welding may consume the 
oxygen of air and expose people to metal fumes and 
toxic gases. Proper ventilation can prevent such 
hazards. 


Coal dust suspended in the air can explode vio- 
lently. Breathing coal dust over a long period of time 
can cause lung disease. Therefore, a suppression of 
coal dust is needed. Mine and mill machinery that 
produce clouds of fine coal dust must be redesigned. 
Moreover, water infused into the coal seam prior to 
mining will reduce the fine dust during coal produc- 
tion. Water sprays combined with effective face 
ventilation will suppress the respirable coal dust. 


The following recommendations can be used in 
either metal and nonmetal or coal mines to comply 
with regulations: 


e use wet drilling; use exhaust ventilation to 
catch the dust produced by dry drilling; blow 
out holes with air-water mist; 

e wet down the surrounding area before blasting; 
spray water during blasting; use ventilation 
after blasting to blow out fine dust raised by 
blasting; wet down ore and coal piles; 

e wet down often during mucking and loading; 

e keep dump entries under exhaust ventilation; 
use water sprays in dumping areas; 

e wet down cars and haulageways that are used 
for loading and hauling; 
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e eficlose rock crushing areas and put them under 
exhaust ventilation; use spray nozzles at the 
crusher mouth; 

e enclose conveyor transfer points; keep 
conveyors under exhaust ventilation; 

e use dust-collecting devices such as baghouses, 
wet-scrubbers, and electrostatic precipitators in 
surface plants; 

e wear respirators when all other measures fail. 





Personal protective devices are to be used as the last resort. 
Control of air quality is the foremost purpose of industrial 
hygiene. 
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LUNG DISEASES RELATED TO MINING 
Silicosis 
Silica is one of the most common chemical ele- 
ments in the earth's crust. Ores, minerals, and rocks 
usually include quartz--a silica mineral. Quartz is used 
in making glass, tiles, bricks, pottery and in foundry 


work. Most mining operations produce dust that 
includes fine particles of quartz. 


Silicosis is a disease that results from breathing 
crystalline silica dust. Minute dust particles can reach 
the fine air sacs (alveoli) of the lungs. Crystalline 
silica injures the lungs, resulting in scar tissue and is 
now on the International Agency for Research on 
Cancer (IARC) list as a suspected carcinogen. More 
silica dust reaching the deeper parts of the lungs 
Causes more scar tissue. In time, small nodules of 
silica and scar tissue grow throughout the lungs. 
Silicotic nodules do not have the elastic property of 
normal lung tissue. As a result, the function of the 
lungs (the exchange of oxygen and carbon dioxide 
gases) is reduced. 


Simple Silicosis 


Simple silicosis is known to affect the lungs within 
months to over 60 years after exposure to crystalline 
silica dust. Usually it starts after 5 or more years of 
work where toxic amounts of silica dust is present. 
A person may have simple silicosis without showing 
any symptoms. The symptoms include a shortness 
of breath on exertion, slight at the beginning and 
more severe at later stages of the disease. The 
spitting of dark gray or black sputum is also observed 
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when silicosis is complicated by other lung infec- 
tions. Cough and sputum may also be caused by 
industrial bronchitis or cigarette smoking. 


Simple silicosis alone will not significantly reduce 
the working capacity of a person. However, the 
victim must be protected from further exposure to 
the fine crystalline silica dust. 


Complicated Silicosis 


The silica nodules in the lungs during the simple 
stage of this disease will grow more and closer to 
each other as more harmful dust is inhaled. In time, 
silica nodules form a large mass of fibrous tissue. 
This is known as progressive massive fibrosis (PMF). 
At this stage, the person becomes breathless not 
only while attempting hard physical work but also 
while doing moderate tasks. The working capacity of 
a person with complicated silicosis is impaired. 


Other diseases and conditions which complicate 
silicosis include tuberculosis, increased blood pres- 
sure within the lungs, and a heart disease caused by 
the latter condition (cor pulmonale). 


The evolution of complicated silicosis from the 
simple form of this disease takes a number of years. 
Also, silicosis may develop several years after only 
a brief exposure to the silica dust. In such cases, the 
silica dust remaining in the tissues long after the 
exposure continues to react with the lungs and cause 
the scarring. 


Complicated silicosis leads to a total physical 
disability and early death. The victim is breathless 
not only at work, but at rest, and suffers from a 
persistent cough, chest pain, and exhaustion. The 
symptoms also include some blueness of the lips and 
ear lobes. 
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Acute Silicosis 


Acute silicosis can occur within 2 to 2 12. years of 
working in dense clouds of fine silica dust on jobs 
such as rock drilling, sandblasting, or bagging of 
crushed and milled quartz without the benefit of 
adequate respiratory protection. In acute silicosis, 
the lung sacs fill up with a thick protein-rich fluid 
which eventually forms dense fibrous tissue, causes 
a severe disability of the victim, and results in 
untimely death. 





Fine quartz and coal dust can cause lung diseases. Dust 
control at work prevents the agony and premature death 
caused by dust diseases. 
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Coal Workers’ Pneumoconiosis (CWP) 


Coal workers’ pneumoconiosis is a job-related 
disease caused by the accumulation of fine coal dust 
in the lungs. The Federal Coal Mine Health and Safety 
Act of 1969, amended in 1972, defines pneumo- 
coniosis as "a chronic dust disease of the lung arising 
out of employment in a coal mine." The law also sets 
conditions and evidence that a coal miner must meet 
to qualify for Federal black lung benefits--any respi- 
ratory impairment that develops in a miner who has 
worked for 15 years in a coal mine is related to the 
occupation. (In Great Britain CWP was recognized as 
a compensable work related disease in 1943.) The 
health aspects of CWP, not the question of compen- 
sation, will be discussed below. 


Simple CWP 


Fine coal dust may accumulate in the lungs in the 
form of spots that can be recognized on a chest x-ray. 
The spots form around the tiniest air passages of the 
lungs next to the alveoli. A steady exposure to the 
excessive airborne dust at work can overwhelm the 
clearing mechanism of the lungs. (Cigarette smoke 
also contributes to the paralysis of the clearing 
mechanism.) Coal dust particles imbedded in the lung 
air passages come together and make the muscles in 
the airway walls inactive. The end result is an expansion 
of these airways, or "focal" emphysema. Meanwhile, 
scar tissues grow in and around the well-established 
coal spots of the'‘lungs. This is known as fibrosis. 


Simple CWP causes a minor impairment and ab- 
normal condition of the lungs. (An average cigarette 
smoker--not exposed to coal dust--can also develop 
similar impairment of pulmonary function.) Simple 
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CWP alone does not impair the miners’ capability for 
work, nor does it shorten their lives. To tie the 
abnormalities in the chest x-ray to the coal workers’ 
pneumoconiosis, there must be proof that the victim 
has worked in coal mines and was exposed to coal 
dust. Usually, 10 or more years of exposure to coal 
dust can cause such abnormalities. Even shorter 
exposures to airborne coal dust are known to produce 
abnormal x-rays. Extended exposure to other mineral 
dusts such as silica may speed up the coal dust 
related abnormalities of the lung. 





Safety and health specialists, miners’ representatives, and 
mine inspectors measure the amount of fine dust in the air 
in mines and mills. Control measures are designed to prevent 
the threat of dust diseases. 
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Chest x-rays are the only practical means for 
diagnosing and monitoring CWP, although this tech- 
nique is not exact. Many technical factors, including 
the way in which the x-ray film is taken, developed, 
and interpreted, affect the accuracy of the method. 
The weight of coal dust imbedded in the lungs and 
the severity of disease are directly related. 


Complicated CWP 


As in the case of silicosis, a complication of 
pneumoconiosis may lead to progressive massive 
fibrosis (PMF). A simple CWP of category 2 or 3 and 
extended exposure to coal dust may lead to a com- 
plicated CWP. In addition to coal dust exposure, 
other unexplained factors help the onset of PMF in 
the victim. Nontransparent spots on a chest x-ray of 
a PMF victim are larger than three-eights inch (20 
millimeters). Similar spots may also be seen in lung 
cancer, tuberculosis, and fungus disease. By com- 
parison, the spots in simple CWP range from less than 
1.5 to 5 millimeters in diameter. Large black fibrous 
masses in the lungs, and their steady growth can 
destroy both the airways and the blood vessels. 


Since large amounts of coal dust imbedded in the 
lungs are the cause of PMF, it is wise to stop further 
dust exposure at the earliest signs of simple CWP. 


Once PMF sets in, it may advance on its own, even 
without further exposure to coal dust. PMF often 
leads to respiratory impairment, permanent disability, 
and early death. There is no known cure for PMF-- 
there are only limited treatments to relieve some of 
the PMF symptoms. 
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industrial Bronchitis 


Usually, miners cough and spit more often than 
nonminers. Cigarette smoking can evoke similar 
symptoms. Dust particles larger than those respon- 
sible for pneumoconiosis can affect the conducting 
airways of the lungs and cause industrial bronchitis. 
As explained earlier, the airways of the lungs produce 
mucus to keep the clearing mechanism going. In 
chronic industrial bronchitis, an irritation to the walls 
of the bronchi and bronchioles causes them to produce 
more mucus. Usually, a chronic bronchitis victim 
coughs up the mucus in form of sputum every day 
for at least 3 months each year. Additional spitting 
is caused by a larger secretion of the mucus--a sure 
sign that the clearing mechanism is not working. In 
other words, there is no steady movement of the 
mucus up the airways, nor the swallowing of it 
through the epiglottis. Further exposure to dust can 
only worsen this condition. 


Industrial bronchitis is less likely to cause respiratory 
disability in a nonsmoking miner. (In comparison, the 
effect of dust on the respiratory system is between 
five and ten times less than the effect of heavy 
cigarette smoking.) 


Emphysema 


Emphysema is a condition of the lungs where the 
small air sacs at the end of terminal air passages 
(alveoli) expand beyond their normal size. Emphy- 
sema reduces the elastic recoil of the lungs on 
expiration. The causes of emphysema are not known. 
Cigarette smokers are more prone to the disease than 
nonsmokers. Scar emphysema may develop around 
the lung areas affected by silicosis or progressive 
massive fibrosis. 
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Health checkups are part of a well-planned medical 
surveillance program. Lung diseases can worsen if exposure 
to dusty air continues. 
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KNOWING IS NOT ENOUGH 


Mine operators and their employees should be 
informed about the health hazards at work. Those 
concerned with health at the workplace should join 
in a common effort to create and keep a healthful, 
productive, and efficient operation. To achieve this, 
the people involved must have the following basic 
qualities: 

e intelligence, 

e motivation, and 

e desire for personal involvement. 


Mine managers play the key role; it is their respon- 
sibility to create a productive and healthful work- 
place. To achieve this, they must use the tools of 
their trade: planning, organizing, staffing, directing, 
and controlling. 


This booklet provides information on industrial 
hygiene; it does not describe the functions of man- 
agement. However, one must keep in mind that 
management control is the hallmark of sound manage- 
ment. The essence of management control is action 
which adjusts operations to predetermined standards, 
and its basis is information in the hands of managers. 


Yes, knowing is not enough. Action must follow 
the knowledge. 
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A willing, safety-conscious, intelligent, motivated person 
can make the workplace a healthy and productive place. 
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GLOSSARY OF TERMS 


Acclimate - to adapt to a new climate or environment. 
A long-term adjustment of a worker to stress such as 
working in a hot and humid workplace. 


Atomizing - reducing to particles or spray. A mist is an 
atomized form of liquid. 


Audiometry - a measurement of hearing to determine 
hearing levels of new-hired workers and those already 
exposed to noisy jobs. It is done to help fit hearing aids, 
and to assist in the diagnosis, by physicians, of hearing 
problems. 


Barrier cream - a cream for use on human skin to 
reduce the effects of contact with harmful agents. 


Breathing zone - a term used in sampling air at work. 
It includes a distance of 1 to 2 feet in all directions from 
a person's nose. 


Bronchi - two forked branches of the windpipe, the 
major air passage to and from the lungs. 


Bronchiole - a small air passage within the lung. 


Carbon dioxide - an odorless gas taken from the 
atmosphere and returned to it by the respiration of both 
plants and animals. A product of complete combustion 
of carbon fuels, it is formed in mine explosions and in 
mine fires. 


Coma - a state of unconsciousness from which the 
victim cannot be aroused by usual medical treatment or 
powerful stimulation. 


Embryo - the earliest stage in the development of an 
organism, before it takes its identifiable form. 


Enzyme - a protein that can cause or speed up a 
chemical reaction in living organisms. 
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Epiglottis - a piece that covers the mouth of the 
windpipe and acts as a valve, directing the entrance of 
food and drink during swallowing into the digestive 
system. 


Fibrosis - an unusual buildup of fibrous connective 
tissue. 


Helium -a colorless, odorless, tasteless gas. It belongs 
to the family of rare, inert gases. The natural gas of the 
Southwestern United States contains helium. 


Hydrogen sulfide - a colorless, flammable, offensive, 
and toxic gas formed by burning sulfide ores or 
explosions of dusts from sulfide ores. It can cause quick 
suffocation. 


Lymphatic system - a system of body tissues that 
deliver a transparent, slightly yellowish fluid to the blood 
stream. 


Methane - a gas formed by the decomposition of 
organic matter, commonly found in coal mines. It is 
tasteless, colorless, and odorless, except in mines 
where if mixed with impurities may have a peculiar 
smell. When mixed with air, it forms an explosive 
mixture. 


Nitrogen - a colorless, odorless gas which forms about 
80 percent of the volume of the atmosphere. 


Nitrogen dioxide - a combination of nitrogen and 
oxygen at high temperature and pressure. May be the 
product of internal combustion engines, or incomplete 
detonation of explosives. 


Pulmonary function test - tests performed in a special 
laboratory at a hospital or, on a smaller scale, the 
physician’s office, and designed to measure lung 
functions and help in the diagnosis and the 
management of patients with lung and heart diseases. 


Terrestrial - of earth. 
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